I N T RO D U C T I O N
The Parkes Multibeam survey is an ongoing survey of a 10
• -wide strip along the Galactic plane (|b| < 5
• and l = 260
• to l = 50 • ). The survey aims to detect a large sample of pulsars for population studies (more than 600 have been discovered so far) as well as find individual objects of interest including binary pulsars, young pulsars, EGRET source associations and high magnetic field pulsars. The survey uses a 13-beam receiver on the 64-m Parkes radio telescope, receiving two polarizations per beam over a 288-MHz bandwidth centred on 1374 MHz. The survey's receiver system, data acquisition and control procedures, offline data analysis and calculations of sensitivity are published in Manchester et al. (2001) (hereafter Paper I) along with the discovery and timing parameters for 100 pulsars with declinations <−35
• . Timing observations of the majority of new pulsars with declinations >−35
• are made using the Jodrell Bank 76-m Lovell radio telescope. Positional and rotational parameters for 120 high-declination pulsars are given in this paper E-mail: ghobbs@jb.man.ac.uk along with corresponding derived parameters and averaged pulse profiles.
1 The parameters for a further 150 pulsars are given in Bell et al. (in preparation) , hereafter Paper III.
In order to facilitate follow-up observations, it is desirable to determine a better position estimate than that available from the survey data. For this reason, a technique known as 'gridding' is carried out on newly discovered pulsars before long-term timing begins. This technique, introduced in Paper I, is described in detail here. We also describe the Jodrell Bank observing system, summarize some interesting properties of the sample of 370 pulsars published here and in Papers I and III, and highlight two pulsars: PSR J1734−3333, a young pulsar with a high surface magnetic field and PSR J1830−1135, a pulsar with a 6-s period. 
T I M I N G O B S E RVAT I O N S A N D A NA LY S I S

Gridding
The centre of the discovery beam defines the initial position given to a pulsar candidate. If the pulsar is offset from the centre of the 14.4-arcmin beam then it will be detected with a lower signal-tonoise ratio (S/N) than for an equivalent observation centred on the pulsar. Furthermore, if the pulsar is to be observed with the narrower beam of the Lovell telescope then the S/N may be further reduced, hence the most accurate position estimate available should be used until the precise position is determined from timing. The use of a more accurate position maximizes the S/N and therefore reduces the amount of telescope time required to obtain a pulse arrival time. Improved knowledge of the position also reduces the density of observations required through the year to obtain a coherent solution without period ambiguities in the timing residuals.
In order to improve the position estimate, a 'gridding procedure' is carried out using the Parkes telescope. The original discovery position is re-observed (with a shorter integration time of a few minutes -the exact time depending on the S/N in the original discovery) along with four other integrations of similar durations at positions 9 arcmin to the north, south, east and west. The peak of a Gaussian beam shape (with a half-power width of 14.4 arcmin) fitted to the S/N in these consecutive observations determines the pulsar position with an uncertainty substantially smaller than a single beamwidth. Fig. 1 (a) contains a scatter plot of the offset between the initial candidate position and the precise position determined after 1 yr of timing observations for all of the pulsars with gridding observations (many of the earliest candidates were not 'gridded'). Many pulsars lie outside the half-power beamwidth: the root-meansquare (rms) positional uncertainty is 7.2 arcmin. However, the rms positional error of 1.6 arcmin for the differences between the gridded and precise positions (Fig. 1b) is well within the beamwidth, and the typical area of uncertainty has been reduced by more than an order of magnitude.
Timing at Jodrell Bank
For most of the timing observations, we use the Lovell telescope at Jodrell Bank at a frequency near 1400 MHz. We employ a dualchannel cryogenic receiver system sensitive to the two hands of circular polarization. Each hand of polarization is down-converted, fed through a multichannel filterbank and digitized. Until August 1999, the filterbank consisted of 2 × 32 × 3 MHz channels centred on 1376 MHz. Subsequent observations use a filterbank with 2 × 64 × 1 MHz channels centred on 1396 MHz.
In the observing procedure, data are dedispersed and folded online according to the pulsar's dispersion measure (DM) and topocentric period. The folded pulse profiles for each polarization are stored for subsequent analysis. The duration of each observation is between 6 and 36 min (depending upon the flux of the pulsar) and is divided into a number of sub-integrations, each lasting between one and three minutes. During offline data processing, the polarizations are combined to produce the total intensity and the sub-integrations are added to produce a final averaged profile for the observation. Pulse times-of-arrival (TOAs) are determined by cross-correlating the profile with a template of high S/N. These TOAs are corrected to the solar system barycentre using the Jet Propulsion Laboratory DE200 solar-system ephemeris (Standish 1982) . The positional and rotational parameters for the pulsar are then obtained by model-fitting the TOAs using TEMPO. 2 The search code produces an initial estimate of a pulsar's DM, and observations at Jodrell Bank use a hardware dedisperser giving an averaged pulse profile at a particular DM. In order to make a more precise measurement, we use either the discovery or the gridding observations that used the 288-MHz bandwidth available at Parkes. The band is divided into four sub-bands and the DM is obtained by fitting to the TOAs of the pulses determined from each sub-band.
The flux density scale at Jodrell Bank is calculated by switching a noise diode on and off between sub-integrations. The noise diode is calibrated using standard flux calibrators such as 3C 295. The pulsar flux density for a single observation is then determined as the mean flux density in the profile averaged over the pulse period.
Included in this paper are ten pulsars with low flux densities and with declinations >−35
• that were timed at the Parkes telescope because of the higher sensitivity afforded by the use of the Table 1 . Positions, flux densities and pulse widths for 120 higher declination pulsars discovered in the Parkes Multibeam Pulsar Survey. 'A' indicates pulsars that have been timed at Arecibo and 'P' denotes pulsars timed using the Parkes telescope. All other pulsars were timed using the Lovell telescope at Jodrell Bank. Radial angular distances are given in units of beam radii. PSRs J1841−0348, J1842−0415 and J1844−0310 were discovered independently by Lorimer et al. (2000) . larger bandwidth. The observing and data-reduction techniques used at Parkes are described in Paper I. A few pulsars were observed with both instruments, but for consistency, only Jodrell Bank data were used to produce the pulse profiles. Similarly, nine pulsars were timed on a monthly basis with the 305-m Arecibo telescope, using a 2 × 128 × 0.0625 MHz filterbank centred on 1400 MHz. These pulsars were observed for 5-m or shorter integrations, with the polarizations summed and the data folded on-line using the known DM and the predicted topocentric pulse period. TOAs were determined using a standard template as for the Jodrell Bank observations.
D I S C OV E RY A N D T I M I N G O F 1 2 0 P U L S A R S
The two tables giving positional, discovery and flux parameters (Table 1 ) and rotational parameters (Table 2 ) take the same form as the equivalent tables in Paper I. In summary, Table 1 lists the positional properties of each pulsar: the pulsar's name, J2000 right ascension and declination from the timing solution and the corresponding Galactic coordinates. This table also contains discovery information: the beam in which the pulsar was detected, the radial angular distance of the pulsar from the beam centre and the S/N of the pulse profile in the discovery observation. The median flux density averaged over all the observations included in the timing solution and the pulse widths at 50 per cent and 10 per cent of the peak of the mean pulse profile are also included (the 10 per cent width is only measured for pulsars with high S/N). Table 2 contains the solar-system barycentric pulse period P, period derivativeṖ, the epoch to which the period refers to, the number of TOAs used in the timing solution, the MJD range covered by the timing observations, the final rms value for the timing residuals and the pulsar's DM. A non-deterministic period second derivative has also been fitted to a few pulsars, indicated by asterisks in Table 2 , which show significant amounts of timing noise.
Data sets for each pulsar have been folded at twice and three times the tabulated period in order to confirm that this represents the fundamental period for the pulsar. The TOAs range from October 1997 to March 2002 with the shortest data span being 1.0 yr and the longest 4.2 yr. This paper includes data for four binary pulsars which have previously been published: PSRs J1740−3052 (Stairs et al. 2001 ), J1810−2005, J1904+0412 (Camilo et al. 2001 ) and J1811−1736 . For completeness, their binary parameters are summarized in Table 3 . PSR J1837−0604, a young energetic pulsar, has been discussed in D' Amico et al. (2001) and between MJDs 51305 and 51894, a glitch occurred in PSR 1806−2125 with a magnitude ∼2.5 times greater than any previously observed event (Hobbs et al. 2002) .
For each pulsar, the profiles used in the determination of the TOAs for the timing analysis were averaged to form mean pulse profiles at 20 cm (Fig. 2) . For each profile, the pulsar's name, pulse period and DM are given along with the effective time resolution of the profile, and pulsars timed at Parkes or Arecibo are indicated. There are several small features in the baselines of some pulsar profiles which may be other pulse components or may be radio frequency interference; higher S/N observations are required to resolve this issue. Table 4 lists derived parameters for the 120 pulsars. The first column contains the pulsar's name, followed by log 10 of the characteristic age, τ c = P/(2Ṗ) in years, the surface dipole magnetic field strength, B s = 3.2 × 10 19 (PṖ) 1/2 in gauss and the rate of loss of rotational energy,Ė = 4π 2 IṖ P −3 in erg s −1 , where a neutron star with moment of inertia I = 10 45 g cm 2 is assumed. The next two columns give the pulsar distance, d, computed from the DM assuming the Taylor & Cordes (1993) model for the Galactic distribution of free electrons, together with the corresponding Galactic z-height. The uncertainty in distance from this model is generally far greater than the precision with which the distance is quoted. The final column in Table 4 gives the radio luminosity L 1400 ≡ S 1400 d 2 . A P-Ṗ diagram is shown in Fig. 3 . The pulsars published here and in Papers I and III are overlaid on previously known pulsars. Anomalous X-ray pulsars (AXPs) and soft γ -ray repeaters are included along with lines of constant surface magnetic field strength, a pulsar emission 'death line' and a theoretical boundary separating radio-loud and radio-quiet pulsars.
D I S C U S S I O N
The sample of 370 pulsars
A full population analysis will follow the completion of the survey. Here, we briefly highlight some of the salient features of the sample of pulsars presented in this paper and in Papers I and III. To compare the Parkes multibeam pulsars with previously known pulsars, Paper I displayed histograms of period, DM and flux density. We continue this comparison with histograms of pulse widths, ages, magnetic fields and rate of loss of rotational energy for the 370 pulsars (Fig. 7) . There is a clear similarity between the measured widths of the profiles of these pulsars and of previously known pulsars (Fig. 4a) . The characteristic ages for our sample are lower than previously measured characteristic ages (Fig. 4b) . The observed age difference likely arises because we search along the plane of the Galaxy, where pulsars are born and where older pulsars have drifted from. This is also indicated by the results of the Swinburne intermediate latitude survey which uses the same observing system and has discovered many-intermediate age to old pulsars (Edwards et al. 2001) . Lorimer et al. (1995) suggest that young pulsars have flatter radio spectra than older pulsars. Our high observing frequency may, therefore, be an additional reason for the discovery of so many young pulsars. However, this difference in spectral indices is not confirmed by Malofeev (1996) or Maron et al. (2000) . The possibility of a relationship between characteristic age and luminosity was also studied; the results are shown in Fig. 5(a) , which is consistent with a constant radio luminosity for ages ∼40 kyr -20 Myr, although there seems to be a significant reduction in luminosity for even older ages. The surface magnetic field histogram (Fig. 4c ) displays two features: the lack of pulsars with low magnetic fields (reflecting the absence of millisecond and moderately recycled pulsars in our sample) and the relatively large number of high magnetic field pulsars, owing to an excess of long-period pulsars. A graph of surface magnetic field versus luminosity (Fig. 5b) is suggestive of the possibility that high magnetic field pulsars have a higher luminosity than their lower-field counterparts. A plot of 1400-MHz luminosity versusĖ for our sample (Fig. 5c) shows no indication of any trend, however, these figures do not take any geometrical beaming effects into account.
The histogram of the rate of loss of rotational energy (Fig. 4d ) contains a component representing highly energetic pulsars (Ė > 10 36 erg s −1 ). Three (PSRs J1809−1917, J1828−1101 and J1837−0604) are both young (10 4 < τ c < 10 5 yr) and energetic. PSR J1913+1011 is slightly older (τ c = 170 kyr), but has similar parameters to PSR B1951 + 32 in the supernova remnant CTB 80. These 'Vela-like' pulsars are discussed in Paper III. The average pulse profiles (Fig. 2) are diverse: the majority contain a single component, ∼20 per cent contain multiple components and three (PSRs J1806−1920 (PSRs J1806− , J1828−1101 
PSR J1734−3333
Camilo et al. (2000) discuss PSR J1814−1744, the inferred surface magnetic field strength of which, B s = 5.5 × 10 13 G, is the largest of any known radio pulsar. PSR J1734−3333 has a sim- and J1734−3333 lie above the theoretical boundary between radio loud and radio quiet pulsars (shown as the light shaded region). The boundary of this region is given by equation 10 in Baring & Harding (2001) . Some of these pulsars are also close to the anomalous X-ray pulsars (AXPs), indicated as open crosses and the soft γ -ray repeaters (SGRs) shown as triangles. The placement of the AXPs and SGRs on this diagram assumes that they are spinning down owing to magnetic dipole radiation in a manner similar to the radio pulsars. The 'death line' (dot-dashed line) is defined by 7 log B s −13 log P = 78 (Chen & Ruderman 1993) . ilar field strength of 5.2 × 10 13 G (and has a very small age, τ c = 8 kyr). Both these values were calculated using the standard expression 3 B s = 3.2 × 10 19 (PṖ) 1/2 G. Taking these fields at face value, these pulsars thus have surface magnetic field strengths that are larger than the 'quantum critical field', B c = 4.4 × 10 13 G, at which the cyclotron energy equals the electron rest-mass energy. Baring & Harding (2001) propose that photon splitting may inhibit pair creation at these high magnetic fields and therefore hypothesize the existence of a boundary separating radio-loud and radio-quiet pulsars. This boundary is indicated on Fig. 3 assuming that the emission occurs from the surface of the neutron star and that the photons propagate parallel to the local field. PSRs J1734−3333 and J1814−1744 lie in the predicted radio quiescence region. However, as detailed in Baring & Harding (2001) the boundary moves up the P-Ṗ diagram for emission away from the neutron star's surface. For an emission radius of 1.5 times the neutron star's radius, the boundary lies above all the known radio pulsars. We note that given the trend toward pulse narrowing with increasing spin period (Gould 1994) , the fact that no radio counterparts of AXPs, which also lie above this boundary, have been detected, may be due to their radio beams not intersecting our line of sight (Gaensler et al. 2001) .
The success of this survey at finding new pulsars with fields close to and above the critical field will help improve our understanding of the delineation between radio-loud and radio-quiet pulsars.
PSR J1830−1135
After the discovery of PSR J2144−3933, a radio pulsar with an 8.5-s period (Young, Manchester & Johnston 1999) , there has been much interest in detecting long-period pulsars. PSR J1830−1135, with a period of 6 s, is the second slowest known radio pulsar. It lies on the P−Ṗ diagram at the extreme right-hand edge of the 'normal' pulsars, but owing to a relatively high surface magnetic field of ∼10 13 G, lies well above the 'death line' (Fig. 3) . Although the magnetic field is below the critical field, PSR J1830−1135 (and PSR J1814−1744) lies roughly in the neighbourhood of some AXPs (shown as open crosses in Fig. 3) . Pivovaroff, Kaspi & Camilo (2000) infer, using PSR J1814−1744, that the X-ray emission from AXPs depends upon more than the implied surface magnetic field strength. The reasons for this are, however, not well understood.
Among the 370 published Parkes multibeam pulsars, only PSR J1830−1135 has a period greater than 6 s. Although the search software limits candidates to periods below 5 s (see Paper I), strong longperiod pulsars with narrow pulse profiles, such as PSR J1830−1135, may be detected from their second or third harmonics. The probability of detecting a pulsar is also dependent upon the width of the pulsar beam, which decreases with increasing period (e.g. Rankin 1983; Gould 1994) . Although determination of the physical beam size requires polarization information, the small angular pulse width of ∼4
• for PSR J1830−1135 is compatible with current understanding.
Conclusion
The sample of 370 pulsars reported here and in Papers I and III represents approximately half of the total number of new pulsars that we expect to discover on completion of this survey. Details of the remaining pulsars will be published in due course as the data from the timing observations become available. Once complete, the survey will provide a large and relatively unbiased data set which may be used to study many aspects of pulsar physics.
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